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Abstract

The eigenvalue set and its multiplicity of a graph are called spectra, which can be used to obtain
various topological properties of the graph, such as connectivity, resilience, etc. Shi Haizhong used
the Cartesian product method of graphs to construct a new Cartesian product interconnection net-
work C, xS, .This article describes the adjacency spectrum and Laplace spectrum of C, xS, based

on the analysis and research of the topology structure of interconnected networks. Furthermore,
C, xS, was graphically partitioned based on the Fiedler vector of the Laplace matrix. In addition,

we have also studied the expression of spectral energy.
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Figure 1. Interconnection network C, xS, and interconnection network C; xS,
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Table 1. Adjacency spectrum of Star network S,
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import numpy as np
import networkx as nx
from scipy.sparse import csr_matrix

from scipy.sparse.linalg import eigsh

def create_node index map(graph):

return {node: idx for idx, node in enumerate(graph.nodes())}

def laplacian_matrix(graph, node_index map):
n =len(node_index map)
row, col, data =], [], []
for u, nbrs in graph.adjacency():
u_idx =node index map[u]
degree u = len(nbrs)
for v in nbrs:
v_idx =node index map[v]
row.append(u_idx)
col.append(v_idx)
data.append(-1.0)
row.append(u_idx)
col.append(u_idx)
data.append(degree u)
return csr_matrix((data, (row, col)), shape=(n, n), dtype=float)

def fiedler vector from_laplacian(L):
eigvals, eigvecs = eigsh(L, k=2, which="SM")

return eigvecs|:, 1].real

def partition_graph by fiedler vector(fiedler vec, node index map):
partition = {+1: set(), -1: set()}
for node, idx in node index_map.items():
sign = np.sign(fiedler vec[idx])
partition[sign].add(node)

return partition
n=4
m=3

C =nx.cycle_graph(n)

Wk

B
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S = nx.star_graph(m)

G = nx.cartesian_product(C, S)

node index map = create node index map(QG)
L =laplacian_matrix(G, node_index map)
fiedler vec = fiedler vector from laplacian(L)

partition = partition graph by fiedler vector(fiedler vec, node index map)

print("EIFITH AR r 4558 )
for sign, nodes in partition.items():
print(f"4E& {sign}: {nodes}")
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